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PREFACE

This work was performed at the Federal Aviation Administration (FAA) Aging Aircraft
Nondestructive Inspection Validation Center (AANC) in Albuquerque, NM, and sponsored by
the FAA Technical Center in Atlantic City, NJ. The author was able to conduct the scanner
evaluations through the cooperation of vendors who participated in the demonstrations. The
author expresses his appreciation for the time, effort, and expense the vendor participants and
sales representatives incurred while performing the hands-on demonstrations. The author also
thanks other members of the AANC staff for their support.
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EXECUTIVE SUMMARY

Fieldable nondestructive inspection (NDI) systems based on eddy current and ultrasonic
inspection methods, and utilizing scanners to produce images, have been used in the nuclear
and petrochemical industry for years to detect cracks, corrosion, and disbonds. Similar
systems have the same potential in the airline industry for early detection of hidden damage in
aircr.ý structures.

The images produced by the scanning systems mentioned above are called C-scans. C-scans
are 2-D images produced by digitizing the point-by-point signal variations of an interrogating
,sensor while it is scanned over a surface.

To provide the encoded sensor position for the computer during C-scan imaging, a number of
portable scanner designs and scanner methodologies have been developed in recent years.
Both manual and automated portable scanners have been developed that may be useful for
aircraft NDI.

The goal of this project was to produce a document that contains information on the evaluation
of scanner systems as they apply to aircraft inspections.

From a literature survey and discussions with vendors, a variety of different portable scanner
designs were identified. The designs include manual scanners, semiautomated scanners, and
fully automated scanners. Scanners included both mechanized and nonmechanized designs.

* The basic scanner designs were divided for the purposes of this report into eight different
Stypes. These are

1. dual axis, tilting arm and bridge, manual (mechanized);

2. dual axis, tilting arm and bridge, automated (mechanized);

3. radial axis, tilting arm with rotation axis bridge, manual (mechanized);

S4. dual axis, cantilever arm bridge, manual and automated (mechanized);

5. mobile, automated, ultrasonic scanner (mechanized semiautomated);

6. dual axis, rectangular bridge, automated (mechanized);

7. hands free x-y digitizer (nonmechanized acoustic or video tracking); and

8. square transducer array (nonmechanized electronic switching).

• iAppendix A includes a brief description of the functionality of each scanner type, a sketch,
and a list of the companies that support the particular design.

Vendors provided hands-on demonstrations of their equipment on aircraft samples in the
Federal Aviation Administration (FAA) Aging Aircraft Nondestructive Inspection Validation
Center (AANC) in Albuquerque, NM. The aircraft samples and the Boeing 737 (B737)
airplane used in the demonstrations contained known areas of corrosion damage and disbonds
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from in-service conditions. Capabilities and limitations of the design, portability, articulation,

performance, usability, and computer hardware/software were recorded during the
demonstrations.

From observations and information recorded during the demonstrations, a matrix of features,
factors, and their respective evaluations for each scanner tested was constructed to provide a
quick reference for comparing the different scanner systems. A table containing the evaluations
and ranking of each feature or factor for the scanners demonstrated is provided.

No attempt is made to rank the scanner systems overall with comparative scores. This is left
to potential users. The users should consider features and factors that are. most important for
their respective applications.

Excellent C-scan images of eddy current and ultrasonic inspection data were obtained during
the performance demonstrations. Illustrations of the C-scan images obtained from examinations
of the five AANC aircraft samples used in the evaluation are shown in appendix E. Pictures
of the attachment of a number of the scanners on the B737 airplane are also included.

A discussion of the strong points and weak points of the eight scanner types is given in
appendix F. Suggestions for improvements are also provided there.
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INTRODUCTION

BACKGROUND.

Fieldable nondestructive inspection (NDI) systems based on eddy current and ultrasonic
inspection methods, and utilizing scanners to produce images, have been used in the nuclear
and petrochemical industry for years to detect cracks, corrosion, and disbonds. Similar
systems have the same potential in the airline industry for early detection of hidden damage in
aircraft structures. Corrective repairs initiated by early detection of damage can be cost
effective by reducing the need for subsequent major repairs that impact the availability of the
aircraft for revenue.

Another possible application area aside from aluminum structures is composites. New aircraft
rely increasingly on composite technology. Periodic inspections of a composite structure for
delaminations and impact damage during the service life of the aircraft are essential for safety.
Ultrasonic imaging of composites has the potential to provide the inspection data needed to
detect these defects and assess the structural integrity of the composite during the life of the
aircraft. Thus, imaging technology is applicable to both new and aging aircraft.

The images produced by the scanning systems mentioned above are called C-scans. C-scans
are 2-D images produced by digitizing the point-by-point signal variations of an interrogating
sensor while it is scanned over a surface. The X-Y position of the sensor is recorded
simultaneously with the signal variations. A computer converts the point-by-point data into a
color representation and displays it at the appropriate point in an image. This image usually
makes it much easier to interpret defects than the individual measurements.

To provide the encoded sensor position for the computer, a number of portable scanner designs
and scanner methodologies have been developed in recent years. Both manual and automated
portable scanners have been developed that may be useful for aircraft NDI.

GOAL.

The goal of this project was to produce a document that contains information on the evaluation
of scanner systems as they apply to aircraft inspections. The document is based on
demonstrations of commercially available, portable inspection systems that were observed
while scanning representative aircraft structures.

OBJECTIVES,

The objectives of this project were to:

1. Demonstrate and evaluate the capability of commercially available portable scanner
systems to generate C-scan images on representative aircraft structures.

2. Evaluate the usability and performance of the different scanner types to help inspection
personnel choose an appropriate scanner and to help scanner vendors to improve the
usability and performance of the scanners for aircraft inspection requirements.

No



DEMONSTRATION AND EVALUATION PROCESS

SCANNER SYSTEM DESIGN IDENTIFICATION.

From a literature survey and discussions with vendors, a variety of different portable scanner
designs was identified. The designs include manual scanners, semiautomated scanners, and
fully automated scanners. Scanners included both mechanized and nonmechanized designs.

All mechanized scanners employ optical encoders on one or more of the moving parts of the
scanner to indicate the sensor position. Nonmechanized scanners employ diverse techniques to
encode the sensor positions. An example of a nonniechanized scanner involved transmitting a
high frequency acoustic pulse at the sensor from a distance and detecting the propagating pulse
through the air with a pair of microphones. The position of the sensor is calculated by
triangulation techniques from arrival time data. Another example employed a light-emitting
diode (LED) at the sensor with a video camera encoding system positioned above the sensor
for tracking and coding the position of the sensor. A third example employed a 2-D array of
small transducer elements embedded in a flexible vacuum blanket that is applied in contact
with the surface; the C-scan image is formed by electronic switching through the transducer
elements of the array.

The basic scanner designs were divided for the purposes of this report into eight different

types. These are

1. dual axis, tilting arm and bridge, manual (mechanized);

2. dual axis, tilting arm and bridge, automated (mechanized);

3. radial axis, tilting arm with rotation axis bridge, manual (mechanized);

4. dual axis, cantilever arm bridge, manual and automated (mechanized);

5. mobile automated ultrasonic scanner (mechanized semiautomated);

6. dual axis, rectangular bridge, automated (mechanized);

7. hands free x-y digitizer (nonmechanized acoustic or video tracking); and

8. square transducer array (nonmechanized electronic switching).

These scanner types are described in appendix A. Each entry in appendix A includes a brief
description of the functionality of each scanner type, a sketch, and a list of the companies that
support the particular design.

CHOOSING VENDORS FOR HANDS-ON DEMONSTRATIONS.

Vendors provided hands-on demonstrations of their equipment on real aircraft samples in the
Federal Aviation Administration (FAA) Aging Aircraft Nondestructive Inspection Validation
Center (AANC) in Albuquerque, NM. The aircraft samples and the Boeing 737 (B737)
airplane used in the demonstrations contained known areas of corrosion damage and disbonds.
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Capabilities and limitations of the design, portability, articulation, performance, usability, and
computer hardware/software were recorded during the demonstrations for later evaluation.

For each scanner type, vendors were contacted and performance demonstrations of their
equipment were discussed. If the vendor was receptive and volunteered to conduct the hands-
on demonstrations, arrangements were made to perform the demonstrations in the FAA/AANC
hangar. Each vendor was asked to bring its own eddy current, ultrasonic, and bond tester
equipment to be used with the scanners. Multimode scans using the different NDI techniques
could then be evaluated at the same time. In some cases, two demonstrations were scheduled
at different times for a given NDI technique when two different vendor representatives of the
respective techniques were involved.

Priority was given to vendors who supported both eddy current and ultrasonic testing
equipment with their scanner systems. Their integrated system would have the best chance of
performance and largest potential payback for providing significant information on the
capabilities and limitations of the scanner design type for the different NDI modes.

The scope of this project was to evaluate all the basic scanner types that are appropriate for
aircraft NDI examinations. A number of vendors sell very similar scanners of the same basic
design. They have integrated the scanner with their data acquisition and software system but
they do not sell NDI equipment. In this case, only one or two scanners of the same basic
design were evaluated with vendors who offered the most integrated NDI capability. It is
expected that similar results would be obtained with other scanners of the same basic design.

A list of the vendors and participants who took part in the performance demonstrations is
provided in appendix B.

AIRCRAFT SAMPLES,

The demonstrations were performed on a group of samples that represented defects from in-
service conditiois. Samples with lap splice joint corrosion, various surface conditions and
thickness, and disbond conditions weje chosen. Aiso, various geometric configurations on the
B737 aircraft where the scanner must be mounted in a vertical or upside down (overhead)
position were chosen for the evaluation.

Five samples used in the evaluation were:
1. A.D. Little aluminum lap splice joint intergranular corrosion attack specimens of 0.04-inch

thickness. (AANC Test Specimen Library Numbers 115 through 122)

2. Large 0.07-inch-thick aluminum panel with visible pitting and intergranular/exfoliation
corrosion and pillowing of the surface. (AANC Test Specimen Library Number 111)

3. Calibration standards used for setting up tests for circumferential tear strap disbond.
(AANC Test Specimen Library Numbers 183 through 185)

4. Textron Specialty Materials boron/epoxy composite repair sample with implanted disbonds
and delaminations on an aluminum skin. (AANC Test Specimen Library Number 152)
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5. Various locations on the B737 AANC aircraft with disbonds and corrosion. (AANC Test
Specimen Library Number 100)

Detailed descriptions of these samples are given in appendix C.

STEPS OF THE PERFORMANCE DEMONSTRATION.

The performance demonstration of each scanner by the vendor was conducted with the
following steps:

1. An overview of the AANC activities was provided to the vendor by a member of the
AANC staff.

2. A calibration and initial setup of the equipment were performed on flat horizontal samples
on a table top to become familiar with the equipment. C-scan images were generated to
demonstrate the general capabilities of the system and scanner operation. At this time, an
overview of the equipment hardware and software capabilities was provided by the vendor.

3. For the first eddy current test, the A.D. Little intergranular corrosion attack samples of a
lap splice joint of 0.04-inch skin thickness were examined. C-scan images of the hidden
corrosion over the 12-inch length joint was recorded and saved in a data file on the
computer system. The A.D. Little samples were used to observe the general operation and
function of the scanner and observe the effort the examiner needed to obtain meaningful
C-scan images representing the areas of corrosion damage.

4. For the second eddy current test, the large panel with skin thickness of 0.07 inch was
scanned. This panel contained visible corrosion and pillowing of the surface between the
rivet locations. This panel was used to demonstrate how well the scanner functioný on
wavy and rough surfaces representative of significant pillowing. The time to scan and
obtain meaningful C-scan images of the corrosion for an area of 4 and 8 square inches was
recorded.

5. The scanner with the eddy current sensor was then attached to the B737 airplane where a• t demonstration was conducted at the area bounded by body station (BS) 877 and BS 887 and

stringers (S) 22R and S 24R. The scanner must be positioned somewhat vertical and
upside down to perform this test. This area of the airplane had corrosion and a tear strap
disbond could be seen by viewing the interior panel surface. This test demonstrated the
ability of the scanner and effort required by the exCamner I0,v take inspectforn data on a
"curved surface and with the scanner in an upside down or overhead position. The scan time
to produce a C-scan image of the inspection data was recorded for this area. Notes as to the
operation of the equipment under these conditions were recorded and C-scan images of the
inspected areas showing the detected damage were saved for comparison with different
scanner systems. If time permitted, C-scan images were also obtained at the lap splice
joint at S 20R and the butt joint at BS 907. A final test was made on the airplane at the lap
splice joint S 1 OL on the left side of the airplane above the windows between BS 817 and
BS 907. The equipment must be carried up a scaf"old and attached to the fuselage above
the windows for this last eddy current test. This exercise provided information on the
portability of the scanner.
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6. For the first ultrasonic pulse-echo and resonance evaluations, area scans with C-scan
images were made on the tear strap disbond calibration standards and the Textron

boron/epoxy repair patch calibration standard. These samples were used to observe the
general operation of the scanner for ultrasonic inspections. If the vendor also had a bond
tester capability, then data were also obtained with the bond tester sensor. If a bond tester
was not available, the pulse-echo technique was set up to simulate the resonance bond
testing technique to obtain the inspection data.

7. Ihe scanner with the ultrasonic sensor was then attached to the B737 airplane at BS 877 at
S 22R. This is the same area on the airplane where eddy current evaluations were
accomplished. An ultrasonic scan in this area where corrosion and tear strap disbonds have
occurred demonstrated the ability of the scanner and effort required by the examiner to
take ultrasonic inspection data for the vertical and overhead position of the scanner. The
functionaqity of the scanner under these conditions to maintain ultrasonic couplant and
sensor perpendicularity to the surface was observed. The scan time to produce the C-scan
image of the inspection data was recorded. C-scan images of the inspected area were saved
for comparison of the detected damage with different scanner systems.

Later in the program, a boron/epoxy repair patch was placed on the airplane and on a large lap
splice joint fatigue panel. Demonstrations of ultrasonic resonance techniques on these repair
patches were made when these became available. This provided additional information on the
effort and effectiveness of ultrasonic C-scan imaging for assessing the integrity of the repair
patches.

If not made during the demonstration, hard copy images or image files of the C-scans were
obtained from the vendor so that copies of the images could be compared at a later date.

SCANNER EVALUATION MATRIX

EVALUATION MATRIX CONTENTS.

As a result of the observations and information recorded during the demonstrations, a matrix
of features, factors, and their respective evaluations for each scanner tested was constructeu to
provide a quick reference for comparing the different scanner systems. Table 1 contains the
e.v.aluati.ns oA ran1ing of., each, fleatur or fac tr for the scanners demonstrated.

The evaluations concentizted on the mechanics and efficiency of the scanner to provide XY
position data while maintaining proper sensor orientation and articulation so that meaningful

C-scan images were obtained. The matrix contains observations made by the author while
witnessing the demonstrations for the different NDI methods of eddy current scans, ultrasonic
pulse-echo scans, or ultrasonic bond testing scans.

Each feature or factor in table 1 is ranked from 1 (not applicable for aircraft applications) to 5
(ideal for aircraft applications). The ranking criteria for each feature or factor is given in

5
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appendix D. The purpose of ranking the features is meant as an aid to document observations
made during the hands-on demonstrations and to differentiate them from the characteristics of
the author's idea of an ideal scanner system, which is given in appendix F. The ranking is
meant to point out differences observed by the author during the hands-on demonstrations and
is not meant to be a recommendation of one system over another. Each system has certain
merits that may make it useful in one application but undesirable in another application. Every
feature of the ideal scanner system is not attainable in any one scanner design. The
characteristics of an ideal scanner are discussed in appendix F.

All systems evaluated contained software that generated basic C-scan images. The basic
C-scan images were quite adequate for aircrnt applications. Some systems contained software
tools for advanced image processing that could be used to enhance interpretation of a particular
inspection data set. These tools are valuable, but the evaluation of the imaging tools available
in the various systems was not attempted.

No attempt is made to rank the scanner systems overall with comparaive scores. This is left
to potential users. The users should consider features and factors that are most important for
their respective applications. The evaluation of the features and factors for all of the scanners
demonstrated are given in table 1.

EXAMPLE C-SCAN IMAGES

Excellent C-scan images of eddy current and ultrasonic inspection data were obtained during
the performance demonstrations. Illustrations of the C-scan images obtained from examinations
of the five AANC library samples used in the evaluation are shown in appendix E. Pictures of
the attachment of a number of the scanners on the B737 airplane are also included. In some
cases, the color palette of the original C-scan images was changed so that black and white
reproductions of the illustrations would show the inspection results clearly. The C-scan
images are provided to show the potential benefits of C-scan imaging in inspection of aircraft
structures.

DISCUSSION

Commercially available portable scanners can provide excellent C-scan imaging of NDI data.1 T'rhe images shown in appendix E illustrate the potential of C-scan imaging for providing
quantitative measurements of hidden corrosion and disbonds for aircraft applications.

Setup of the eddy current and ultrasonic equipment was done by using the experience gained
from testing similar structures by the vendor representatives and the author. The parameters
used may not have been optimal for quantitative NDI results especially since only limited time
was available to 6.monstrate the equipment. Quantification of corrosion damage can be done
through proper calibration procedures. The purpose of this study was to evaluate the usability
and performance of scanner systems to acquire and display meaningful inspection data of
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corrosion damage and disbonds. No attempt was made to calibrate and optimize equipment
parameters or quantify the corrosion damage detected.

When applications are identified and the use of C-scan imaging is concurred by industry to be
valuable for future NDI aircraft applications, then the test parameters, calibration, and test
procedures must be developed and established for these defined applications. The development
of these optimum test parameters, procedures, and reliability of inspection results on the
variability of surface conditions, paint thickness, etc., would be the subject of possible future
work for knowledgeable researchers in the field.

CONCLUSIONS

Conclusions derived from this evaluation study can be summarized as follows:

* Eddy current C-scan imaging can be implemented easily with available commercial
equipment and the benefits realized immediately. Ultrasonic resonance techniques may
also be implemented in the near future after experienced users have correlated results with
calibration samples and gained confidence in its use. Ultrasonic pulse-echo measurements
may be used only after the more experienced operators have developed a technique and
procedure for each specific inspection application.

Every mechanized scanner tested scratched the surface of the aluminum panels for both the
eddy current and ultrasonic techniques. Automated scanners in some cases scratched the
surface more severely since larger forces are needed to keep the sensor holder in contact
and perpendicular to the surface. New designs of sensor holders are recommended that in
effect would result in more nearly frictionless contact deployment. However, scanning
over composite surfaces and composite repair patches with the present scanners did not
damage the surface of the composite.

Eddy current data acquisition with the mechanized scanners was more reliable and easier to
obtain than ultrasonic data acquisition. This is because small couplant variations and tilt of
the ultrasonic transducer influenced the inspection data significantly, whereas small lift-off
variations for the eddy current sensor has little effect on the inspection data.2 Both manual and automated scanners performed well over flat rivets and over surfaces with
nominal pillowing between rivets.

Manual scanners are most useful for small area scans where surface obstructions (raised

rivets) may be present. Inspection times for 1 square foot coverage ranges from
approximately 10 to 20 minutes depending on the spot size resolution desired.

Automated scanners are recommended for both small area scans and large area scans where
obstructions are not present. Inspection times for 1 square foot coverage varied from
approximately 5 minutes to 15 minutes. Spot size resolution is not a major concern for
automated scanners since fine and large spot sizes result in approximately the same scan
time.

7



Hands-free digitizer scanners have the potential of being the most useful manual scanner
since they are the least expensive and most versatile for areas of complex curvatures and
obstructions. They may also be useful in areas on and around the stringers on the interior
surface of the fuselage.

Manual scanners are more labor intensive and tiring to operate than automated scanners
especially in overhead applications. In general, manual ultrasonic C-scan imaging is very
difficult to implement for overhead applications. Inspection times longer than 1 hour
would be taxing on the examiner.

a Passive rubber cup suction feet are unreliable for vertical and overhead deployment. An
active vacuum system either by hand pumps or an AC vacuum pump is more reliable.

* The dual axis tilting arm bridge automated scanner provided the best results for portability,

performance, and overall usability of all the automated scanners tested.

• The radial axis tilting arm with rotation manual scanner provided the best results for

portability, performance, and overall usability of all the manual scanners tested.I The heads-up display used to acquire data with the dual axis XY manual scanner did not
add to the performance or ease of data acquisition for C-scan imaging.

The 2-D transducer array system performed very well resolving 0.04-inch aluminum skin
thickness for possible quantitative and accurate corrosion damage assessment. Excellent
resolution of the implanted delaminations in the thin boron/epoxy repair patches was
obtained. Portability and usability of the 2-D array system were excellent.

* The 2-D transducer array system has great potential in the initial and periodic assessment
of composite repair patches. It may also be useful for the assessment of impact damage of
composite structures.

* An experienced ASNT Level 2 NDI inspector would be required to operate every one of
the C-scan systems evaluated for general applications. However, an experienced ASNT
Level 1 NDI inspector could operate every one of the C-scan systems with proper training
and supervision by Level II or Level III inspectors in specific applications.

* Setup time from off the shelf to start of scan was reasonable (10 to 20 minutes) for all
systems evaluated.

• The cost of scanner systems for C-scan imaging ranged from approximately $30,000 to
$150,000.

- I, The strong points and weak points of the eight scanner types are discussed in appendix F.
Suggestions for improvements are also provided.
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TABLE 1 - SCANNER EVALUATION MATRIX FOR EDDY CURRENT
AND ULTRASONIC C-SCAN IMAGING OF INSPECTION RESULTS.

[jIdeal, rneets all requirements for aircraft applications

UT = Ultrasonic Test, E3T = Eddy current Test

C o mp n K rau tkrainer D uPont A l3UA m d i ta M A T EC '

ad Banson CalData SONIX
Hocking ietec

"N1)5ýCAau N PnAPTA9VAN UA MAR I1ANnfl-S(A

Banic Design Q ltisJig Radial Arm Q Tilding Arm~ Bridga CAW Cnilevor Arm withi LTiltinl Arin 13Y.dgc
an ihcircular motion w~t -Y line~ar motion rigid X-Y linear mot~ion WiUX-Y iicar motion

Scan MoL~on Manual & Random AuLamnatod Automateod Manual & Random

Mount Type LTh~ree suction cups [4! Three independent U) Numerous suctiun U1J Static rubber suction
Y.eiswith& one sutin cupl Witli three cups In series, one cups without Manual

hand vacuum pumrp manual vacuum pumps A('vacuum pump vacuum pump.%

P'robe Holder and [D rExccllcnI [W Good at Gj~ood U1Adequate o

:1ScannerWrkn U4] Minimum 10 inches 14] inimum) 10 inches U1 Mminimum 12 inches 14] Minimum 6i inches

X-V Axils [eoltin 1 0.012 Inch [US 0.01 Inch [JS 0.01 Inclh C' 0.00)5 Inch

PORTAH1 LUf
Scanner Weight 1:4] 4 lbs [4] 5 Ills [U2 2J lbs 14 11,

Ruggedness US] Ex~cellent USExcellent [.2. Excellent L4] Good

Deploymecnt Ease (DLxeullciit LDEmellejit i4] Adoquatc U5ExCellentl

Csnsiputer hlardware W4 Excellent 1]All In suitcamse aie W ood USExcellent

Motor Contioller [XI Not applicable 1)cald in 11C I] heavy, rack mounteW Not applicable

Com11plex W~j Scanner Is usable IJ43 Scanner 11 usable [jjScanner Is usable on L1Scanner Is usable
Shapes on flat and irregular on moderate dual hiirge flast and moderate on mioderate dual

shapes with dual curvatures at vertical dual curvatures that are curvatures at vertical
curvatures aides and overhezil vertical sand overhead sides and overhoad

Condit~ions pil owing or raised pillowing and lap joiniii 'Al ow~ing and tap jointit. iiilowhin or raised

PE F R A C rivetsjoints etc. no raised rivets no rauad rivals rivatlsjoints etc.

Speed of [ 2 sq. 11. &to. 1 In.spot 2 sq.f(I. oil0.1 In. spot [~2 sq. fl. at 0.1 in. spot []2 sq, ft. at 0. 1 is. spot
('average Plie, 15-30 minutes A.ie, 10- 15 nm~Inuez he 10-15 minutes yje, 15-30 minutes

Accuracy 1]Excellent 1)Excllent [W Good [ J4 Good

Problems [411 Suction cup reem Probe "as not held []Scanner fell to floor []Sensor mount design
encount'ered ritx and slip aler f~irly against curved 3 tImies during lent, due di41 not keep sensor
diuring Deomlsii. d uwc And nyrorhrpad ssrfari nsdn urun IMlue .jesg~j.holder...
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TABLE I -SCANNER EVALUATION MATRIX FOR EDDY CURRENT
AND ULTRASONIC C-SCAN IMA~JING OF INSPECTION RESULTS.

* (CONTINUED)

(onapalmy Krautkiaazmer Dupont ABB Antidasts NIATE(.-Aand Urirason ('ail~ta SONIX

Features Sair Hcig&e
-J1CA. P.M.- PO TANCAN A P tlh-1A

a[ LLL U2 Areagreater than va greatecr than [11AreagctrtaL2 vagetrtaAAEase orseams fix~ I~ agetrttn F~A hi rae h
Lxamniter !qt. is very labior itql isCL Vdoe 1 1.fl. is casil' donie T- .i% very labioritlniv vn vrea cn evenl overhead sa Initensive

Vertical Obstruction U4~ Scannier heivght plus Lu4 Scasuter height plus LJSvaminer worikitg Ij Scannier height plus
C2learsance Needed exansihier anti clearancee 11 angle of scamier arras dial cme height exauuinier attn clearance

VMof Use iier L4] IEay user nienus U4~ 1E.asy user MOteLts U4~ IEasy weJ2rH1l 4cmi I F awy user notetus
Examiner anigle 1-t' sle~le

Fase of Setup limput [j ivomi file muemnu for [ R~ Rutine user uttode Likttteue oe I~E.stpfl nu
Illarajiief ems earwy Input par-autierti easy to1 drilne sciut easy to definte scamn or ciiasinge on-acrermi data

11am Actqmisitiomi 1418 bit analog itnput Li8 lIni digitiz.er L16 14t diiike 8 bit dig~itirer
*cliaractcri!tc 'gi~itite; .3Xc6/2( PC witt. 146/25 PC 486/33 P'C vti'CI

inReal Nonela 9i coirsRalflcs 16 colonsI~litiage Aispec 1ati SL Rellit 1 olr u52 cuitr/Zray m L]Raltti aclts i el itc16clr
Inag Apet talo A A 1 aay not be I to I aussy inot tbe ItoI

ýImage, D ata 5~ loomII. 31), 'l'0l:. Fgj ZoomoII. spreaddheet U5J Zoorn. diflerenital [ jli ooin. l ialete elitigc
'Proessin Wiemu. new Palettes etc view. 31), ll-iscan. etc. view, stew null poinT tc. lx Fsa.TO.tc

Hard COPY Lrji Vex wtht print sceven LJ% Yes will. print screen [n] 1,0a with prinit sei veil L Y es tutu pirtillwarceim
software & printer pta~&riuter aeitwure & parliner tohware & prinater

Opematoi '[raining L14 2 tn 3 days L4] 2 to 3 days L.3 3 to 5 IDavs J 2 to 3 duay
fiii' Exper ience Level Level 11 Levoi IiLe1 I Level IILAC11

NDI Mode Support UfS Anty willing outuput USj Any analog output F,~] Any analog output US] Aity anamisi output
llltriasoisic (IIF) Tested/Kit list) tt Toestcd/QuantumimQ HT Test~ed/Mlill ItCCard Tested/Explorer 9000

'I ddy "ur cmit (ET) Tested/Piuarec 3.J Tested/Nih1 22 Tested/Ahill P( Card Yvia/Not Tested
iomid Teciler Yes/Test Sitituisted vo'cules Simiulated Vest~eat Sinilusklate Y'es/Not Testedl

COST
IlIardwat e & L4] S40,000 1*or scanner [IV *S5.otlt total svsteit 1) S35.000 otne imoe sysf ý4] .36,000ftile h~'UT

JSofliware adsollwnre, 1c and Ml and sollwuviL'e e $400r ib-smulr ds~scanncr. software.
.7-t,_____________ N lt instnhincot 5en:uarat insintounil senroarto track-amid conti-oa-Le W' iitsnuomcm -narnfo

f opay Krautkr-aner Dullotr ill A111AwdAta MATEC
an Iransomi call)ata Sa

,tane Hockinig ea

______________ ANDSWAN tt1ttlTAM 'A"y AkL(APL tA/fl-g'

Ia liasdy licial area Wsca180, Good sc-anner for local and Fast large area scantier. 16 Light weight easyV
Pros for all geomnetries. fwst large areas. little etfoti hit digitizer allows new VC atiacltoteat. Canl chaotic

eoane vial with tine. scan required for long null for processing imiage% msniti tmax. or last data pioimit

overliap ttareas ofintcrest. inspectionl timies. withtout rescan. fbi' real timec dis~play.
Tedious for large area and Sensor holder severely I Wavy ,canner. two man lrotse holdr

con.% overhead scLans. sud-aceo is Scratched: alumlinuml oresationi above inaide-4ulite fis, easy
%crittlied slirJitlv. tiring surfaces, ground level. pnrobe arti-ulation. Not
or long misficctroi timleN exsy to fll imnmtge area.

Encllenlt mnanual scannler for Excellemit automnared and easy Veiny good seanner for Not readily usable tiw
Conclusion small area ET exanuimmatiotss to use scanui-r for mos4t ET lasrge area scanss of ItT exams but adequate foar
________________ hiot oCyfrITea, and UT inspestlions. moderate ttcotety. ET smnall area misficimn.'.
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* ** TABLE 1 - SCANNER EVALUATION MATRIX FOR EDDY CURRENT
AND ULTRASONIC C-SCAN IMAGING OF INSPECTION RESULTS.

(CONTINUED)

CopaySAIr' SAI( nonerc smuatEDDY
ard Y Ultas Image lubetr Image Systems

cnnr International International
Feature

Basic Design j)Cantilever Armwith, Cantilever Annwithi [i Tilting Arm Bridge 1'ZT suowd
and rigd X-V linear motion rigid X-Y linear motion LA. -V linear motion mirrophones con
Sc;an Motion Manually driven Automiated Manual & ranidom Manual & rando

Mon Tp [tTwo large auctioan cups [jjc Three auction cups with QjStatic rubber suction [tMicropison
1hindepenident manrual Ec k vaives far parallel cops without manual AT small sucti

vacuum pumps vacuum from AC pump vacuumn pumps AC vacuum pu

Frolic Holder and [)Adequate but needs% [A) Adequate hat needs Adequate but need. [A) NA
Gimbals Designs naptovement improvemenit imaprovement

* ~Cauplant Feed [A) spray or wipe on F-411 Waler flaw at ~spway or wipe on ElNA
IlT only, NA for ET liiiisiducema

Scanner Wiorlking UjMinimaut 12 Inches U3 Minimum 12 inches [4) Minimums 6 inches [U5 Mi1mnimu 2
0:3atnce Hecight

X-V Axsa Resolution [4); 0.04 Inch [a) 0.04 latch Uq0.01 inch ()0.01 Inch

Scanner We [A) Q 15 lbs [A) 25 lbs L4) SIbs [)5 ounces

Ruggednesso [)3 Adequiate, [A) Adequate U4) Good [A] Eacellesil

Deployment Ease 14) (lund [20 (loudl [A) Excellent [U) Excellent

Computer Hardware [)Eclet[)Eclet[]Ecles A aclu

Motor (untroller Uk Not Applicable [) tCaid In KC slut [ Nit Applicable [U Not Applica

LML

ARTpIeCULSaneAsuaTeoIONcanrI sal n 2 SanrI ual 3 SanrI
SlP-111.~ flat and moderate Ii-Re flatarid moderate on usoderate dual coinplexsaurrface

dual curvatures that ar* dual curvatures that are curv'atures at vertical protrusions etc.,
vertical and undeir Sides vertical and under oklde sides and under Sides and under Shides

Sufiace [q) No problem over [)No problem over r "Al No problem Over [)No problena
4~~~p CnitunFTowirigaind sp joints. j1lfliwing "andIp joiiits. jTi~owing and lap jotnts, 'prniwing or raise

nit raised rivets no raised rivets rio raised rivets rivetlajolitta etc

Speed of Y2 s2q. lLatO.1l in. spot [ 2 lsq. it.atO.1 Ins. spot [Lni 2sq. lL atO0.1 In.spot 3f 2 sq. IL ait
Coverage silm, 30-49 nilnutes ~ l 20-30 minutes silt, 1.1-30 minutes 'Al., 15-20 nints

Accuracy [)Within one s"nsize j)Within oric spot sire [4) Withuinone spt size (u) Within rone

encountered siUnot keep senso Securely not keep sensor WT couplaut, no choice jresulted In raise

dournna Demunstratlln - In nlace. PC bunlt at tinsel s"curely In place jon rats, min data update eion*slo crau

4 
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TABLE 1 - SCANNER EVALUATION MATRIX FOR EDDY CURRENT
AND ULTRASONIC C-SCAN IMAGING OF INSPECTION RESULTS.

(CONTINUED)

> Com pany SAW SAIC Idfonlcrics SnmarEDDY
and UIAra Image LUI.I-a Inoge Systems

S esuecr Intrmational 1latematioal
Fcatwc,

ndFtos ULIhARA• .(FI•V . .. Ifi TRAI1AGE tV MS.)V4- SAt" hPIO __-

VtSAB~~IJ T

Ease tscrlfor n greator than Area greater dunan greate u rý& ter than
Examiner 'Fl.f.Is F/1 .is caxily done 4i. ft. is very -a.f. svW ao

labor intensive even overhead scans labor intenuive inteltiva

Vertical Oblsruction 3 llikht ofrKanner plu s l Height ofacanntr J4 Hleight ofascanier rod 4 llteght ofaranner and
Clearance Needed irlprectorrx body clearance. •4lirance for Inspector carane for Inspector

SO1TWARE
Ease of IUhe for j User menus [Lj Uxer menus La[ Easy user inaus U4 Easy user menus
Exantncr

Y~aw of Setup Iniput (4j lcon ni Alefleu for L,3J Software owe na. easy al Routine. setup nilts L11 Easysetup nlit input
Parinelers easy Input para&mtrers fo scan parameter Input sl-d use defined inputs or change (A-screen data

Data Acquisition 4 t9bil dsgifixr, if I bShitdlgiiiz•r, U4 I bit digitizer Lj 16 WI4 digilii• "
Characlerislics 141"33 'P .1133 PC 4805'20 KC

ilna., Distiplay L oReal tittle 256 colors Real time 256 colrs Real line 16 colra Real tlile 16 colurs
1im1age Asi-It Ratio A I

Image & Data Zo ro, TOF. 32 gales F[3 Zoom, 'for, 32 alsc L1 Featur' extractioli [jA Zoro, lc, Opli(AW nmany
Processing Wcan. new pailitts Vic. Ilcan, new psicitCs ic. I- added software Tt'il iiinmpedancc vectors

I lard Copy J9 Immediate with print - Inmmundiate with print I mmediate with print L4 Ilmmledlat with print
screen sullware & printer screen software &t printer u-ramn software & printer screen software & printer

Opewrator Trainig •j 3-5 days 3-S days 2 Day 2 da
for Experien•c Lcil Level U Level U Level U Level L

NIh Made Support W. Any analog output A. n Ally analog output [W) Any saalog output L.l Eddy Current Only
tltrasimic (ti1) T"'tfdJSAIC trl crad Tated/SAIC UT card Tet'ed/Ut ext module No
Eddy Current (L-1) TetiRohlllll(elo l) Vft/Nio Te'•¢d Tested/Norter 19. Yis
Wlnild Tester YeJ'/Tevt Simulated Yes/Text Shulalilaed YeaNo Teated No

Iaiadwarc & L. 1 65,0WM nutoniiumn fix -165.000 nirdinmum for [A -3000(1 system J4  .125,0WX for EC IV
Software &ylcnm. extra software ayslens, extra sofiware pi -17,0W0 for acannser, system aod scanner

$____________ 11l,0)0( SItlO00 i_____________

SI 'MMARY _
irapaity SAI([ SAI" 1 hdiciasselca SmnaIEDUY

Utra Winage tMlira iiage I Systems
Scanne ilernalioetal hltmalinsial I"

i fl. Ill ATMA([y .... 1JJITRAIk4A(iF.,13L M5X.\'-' SAt' {••

Easier to use than random Not al labor inisleive o Ligili weight; easy Pilew movement o'probe,
Pros manual sciances; exteuivo operale as niaanuial SAIC altacihsl.'; lottaliiv¢ over comiplex geometries;1olhware capahilily, scanner, good foe Iong sofitware maneuvering. excellent ET 16 hi dait

inspeelion tinms. acsquiitios and display.

"Tedious Ikr lar- area Prole. holder severely Not easy 10 fill inlspectiion Fals X-Y pesilions from
Cons and ovedread scriatlhed lurlue; probe area; probe holder dsigi triangulatlion system hinders

sc.as, need cxperinens to hoider rot deigned not adequale for ur strailgll Scansned inage Covers&%:.
u.e sofiwar• cffccldvely. for easy conlinuous ue. beam examlillations.

Adeqcutc for snmll local Good scanner poaoibililica (ood only for small aea rExcellenI for ET seans of
Conciusion area UT & ET s;ans, for mosl inspectlion pilaposes ET sewts. complex geometries; tedious

,_ _ _ _with an iniprovd holdert for large Area scann&rh
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TABLE I -SCANNER EVALUATION MATRIX FOR EDDY CURRENT
AND ULT7RASONIC C-SCAN IMAGING OF INSPECTION RESULTS.

ii (CONTINUED)

Comapany McDonndIl Douglas Panantotrie. -simra Mattix irailure Analysis
adAutonmated "y.tems Heads Up Display Associates

- HI'ITTVPARIR

Mount [Iiit Scannier is hlvd In plc 4Four Independent 2Minitsure scanner taped R1 .TV Rubber wictIon
Sby and and Is moved to suction cups with AC' place, heads up display Anket with AC'vacuum
and Iro to form iae Vacuum Pump and backpack PC pm

Probe I U der and [J4 Excellent 2Inadequate, needs U1 Adequate NA
Gimbls esin ugn imrnjovemneuts

CopatFeed U1Spray or wipe on W Water feed or squirtod Il Spray or wipe on Spray on water,
U'nyNAfrE'r at wans" holder P 6 cbe M~nunh inch

Distanlce IIi

X-Y Aish Reouto ll 0.4Ic U .1Inc .j . nhU .51rc

Scanner Weight J 3ilbx . over 25lbsL 5 1~b, J5 1It

Ruggednexx IJý Excellent [ JA xcellent US Excellent L.3Excellent

iDeploynuetti Ease 5 ExccllenI [21 ood [1 Adequate ý3Excellent

Cwnsputrr Hardware P lortablil work station UA1 Rack moutnted ch&4s i~j B~ack Pack PC [ijJ Excellent

Motor Controller Card in nuintkasn U,3 Rack mounled U In bark pack worm by sizer (D Not Applicable

Complex [I4 Scanner is usable on U3Scanner I; usable oniy [3 Scanner is usable only J4 Scanner is usable
shaves ffat and moderate dual on lnut or slightly curved on untail flat and moderate orn fat and curvatures up to

curvatures that are horizontal surfaces, cans be mounted on curvatures, soiritootal, I foor radius, horizontal,
vertical or overhead vertical sides and overhead vertical, anw overhetad varlcal, or overhead

Surface LjNo problcem over [j Ansor holder was not [4 Slivhl problem over L3Scanner can not operate
Conditions waviness (pillowing) or 21igocd for pillowinii in swufacc iI-Ooving and corrosion ovcr raihed rivela, raisedjointa

raii ed joints and edaca no' I obicm for squusict pigg etc. necd to be filled at vacuum teal

PEINFORILANCE
Speed or L d2 sq. It.atU. I fia. spot [iii 2 S4. f. at0. 1 In. spot 2 sq. ft. at 0. 1 In. spot 2~ sq. hI. at 0.25in. spot
Coverage (A).~ 10-15 minutes X, 10.45 mintes je over 45 minutes i15e .30 minutes

*Aeccuraci L4 WVihiunone spot size U4~ Wit hinl one sotx size U4Within asic spot size ýjl0.25 inch

Problen a Q ~ Longitudinal encoder 3L~ Probe wes not held U (3 Consistent transducer L-41 Initiating vacuum seal
encounted seeeti alipp~ed an wet VT rot agalint curved surtace jcoo plaut was not achieved was not inumedlate in some
dornn atie onrahlon jcounalent on aluminum surlace. at all limns J ith utl ix welerr cavso fit the array blanket
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TABLE 1 - SCANNER EVALUATION MATRIX FOR EDDY CURRENT
AND ULTRASONIC C-SCAN IMAGING OF INSPECTION RESULTS.

(CONCLUDED)

Company Me~orsiell Douglas Panarnetrics Sierra Matrix l'ailUJV Analysis>an ld Autonmated 53/5lefll Associates
Scanner

Feature
illirEgjý l T N 1.Vflh J~A I IPA ITv PARIS

1.1ARIL11Y
Ezaseofiian for [fI2) Area reater titan [311 Area greater Owa [ Area greater than D4 Area sreater (han

F-amnr 1. 1,is easily inspccI4d but I-ti.1iA.eouid bedonc Fsxq. ii. is very labor -s.f.ir, easily done
overhead usage is iccdious with squirter tccbnoho~y intensive

Vertical Obstruction Y3' 3Ieiltit ut'sconier said U4j eigiht ursesaier 4 h~eight ol scinner slid fi wicght orxecsier
Clarnc Needed c1Arancelbrot nspector yiTatnce fur insp~ectora

Easeof Use for Li a wnouc J idw nognta jWno anu o sEsteocawt
Examniinr Mencius easy to i5cu 55 sbl CAY104C f pSbIISIClo ky oeato

Ease of Setup Input L-4I Fas-y letup tenu iand P-4 SotaeEasedstan-L_ y setup O~le input 1,4i EAsy setup filet input
Paramieters recall user files ng, muacros cases Its use or change on-screen data Or claanitte on-screen data

DAta Acquisition 4 2 bt digitier Y 8bi14Ut)lbLzdilgitixr 9 bit (4 IVUlzds~igi r ( 8 911il tt)WILAIJ
Charactensilis us operaltin systema r 486/33 PC A#6(25 P'C ' 6/3 PC

Image Display [ Real time 16 colors Li256 color, nuiltI-window [~)Real time, mionochromne [4) Real time 16 levels
Image Aspect Ratio lii A Io A ~ I W.i I

Iniage & Data [ý5ToP, pliase-rarmakerr Zuoom, It-scan, A-sean f24j C-scala. 1-scan iniages 5 AgI,-en 3-1)
Processing or take monlage of'scans M, new paileles, CIO. atialysed aft rfdaia scms A , wavetimi averaging

Htard Copy 4Jj (Only alter data set is [ oalImediate withi prini [4J only after data set is La.;11nmediale Willi print
post analyied screen software &~ printer pwitt anialyscd screen soflisare & printer

OperatorTraining LJ. 5 days 1Ij J to 5day. g tas 4 dy
for Experience Level Level U Level If Level [1 Level U3

NDIl Mode Support [jS Urt, El', Mind teat. Q I r only LJ5 I T or E-1, L3 rrronly
Ultrasanic, (IUT) Tested/MCAIR card Tested/Pnainetrics Tested/Sierra Matrix Tested/PAIUS
Fddy Current (LT) Tesidd/M(AIR card YesNo(1TestAed Ves/Not Tested No
Blond Tester Testrd/MCAIR card YestiNo(T esxas V'e/Not Tor~ed No

Itardware cj- $I 40),M0 for one niodc Ij -450t,t0O total systemi L J -$I 25XOfiOntsyslrna ,J1 --65,0~(X)tataia systeni
Soilware $156 0(1(all three modes tUl'seamier and software and scanner Array and sariwarc

Copay Mctkammell DU&eja l'aimaaaieltics Sierra Matrix T Failure Analysis
andAuloniated sys~teas j ociaica

MAHlS III MII1.i1SCAN' Try ______ PARIS

Htandy and flast local area Verny Comprehensive and Very immisble comspact Very good scasuler for smooth
Wros sranneor for flat sand moderate superior data acquaititio sand system. Cani work in sniail surfaces --11foot radius,

curvatures, very tffective display systetm for xrea and niavy quickly excellent thrlairciais rasioltien
for cunmposltc 111, inispectionis. qtupticr technology, between new locations, with P'VDF 7Mh~z tranaducems.

TcdioUs And heavy its' Scanner is heavy, versilility I leads up display did not caninot be used cm wrfaeea
Cons overhead use, alumninuma limited forAiling aircrafl ap- iniprove scanning capabilities Witli raisd rivets .. ~

surface is scratched; plO&iaiOna of portable or C-scasi inmaging; for
expensqive. systems. siecrafl; cxpensxive.

A very effective scanner for Portable squirteir system not Useful insapection tool for A- Very useful scannier for
Conclusion fast nimilti-niodc inxpections; immedcciately useful for Agling scan inspecion in rensotec composities characteuiz~ation

very good fix coniposi tea, Aircraft itupectioats. areas; no added value for and coniposi to repair

Iand ryear P~atch evaluaition. I___________I_____ C-cApls. Inatch asse'lsment.
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Appendix A
Scanner Descriptions

A sketch and brief description of the functionality of each type of scanner design, the method of
physical attachnment to the aircraft, and companies that support the design type is provided below.

I. Dual Axis Tilting Arm and Bridge Manual Scanner

Functionality: Manual random motion in X and Y
(CŽ,-.•.\ .;Ždirections or lock one axis and linear motion in the\xY

encoder other axis. The sensor is attached to a gimbals that is
b ox hand held against the surface of the part to be

sensor scanned.
holder Attachment: Rubber suction cup feet and/or tape

Comuaigsni: Matec/SONIX, Infometrics, Sierra
suctmonc•t ,.:",-) Matrix, Physical Acoustics, Nuson, ABB Amdata,

St ._-.' - "DuPont.

2. Dual Axis Tilting Arm and Bridge Automated Scanner

Functionality: Stepping motor control in X andYmoi torized directions with one axis as a step axis and the other
x-Y as a linear fast scan axis. Tilting arm is spring

sensor N loaded to keep the sensor firmly against the surface to
,• •• be scanned. The sensor is attached to a gimbals and

kept perpendicular to the surface.
Attachment: Three rubber suction cup feet with

tuc2 n c( independent hand vacuum pumps.
feet CUP Companies: DuPont/CalData.

3. Radial Axis Tilting Arm with Rotation Axis Bridge Manual Scanner

Functionality, Manual random motion in radial and
angular directions, either axis can be locked. The
sensor is attached to a hand held gimbals and held

"sensor firmly against the surface to be scanned.r~hea enoderU~tln ep fot( holder•(

SencholdCr Attachment: Rubber luction cup feet with
bridge independent hand or AC vacuum pump.

,Companios: Krautkriamer Branson, Tecrad, Systems
iResearch Laboratories (Tilting arm replaced by

• , articulated arm).

A-1



4. Dual Axis Cantilever Arm Bridge Manual or Automated Scanner

Functionality: Step in X direction and manual or
automated scan in Y direction. Step axis consisting
of a carriage holding the rigid Y axis arm

S " ;) cantilevered over the area of interest. X axis guide

X arrige can be rigid or flexible and of long length. For some
s . designs, sections can be butted together for

C .automated scans of extremely long distances. X axis
-fi,-. sensr carriage is attached mechanically to the guide or held

holder in place with magnetic wheels on a steel flexible
,. track. Sensor holder is in a gimbals and spring or

suction cup rft hydraulically loaded against the scanning surface.
Attachment: Rubber suction cup feet with hand or
AC vacuum pump.
Companies: SAiC, ABB Amndata, Tecrad.

5. Mobile Automated Ultrasonic Scanner

Function lita : Automated oscillating linear motion of
multiple sensors in the Y axis ,vd manual to or fro
motion in the X axis.
Attachment: Scanner carriage is hand held to the
surface to be scanned.

sensor pair Companies: McDonnell Douglas.

6. Dual Axis Rectangular Bridge Automated Scanner

Functionality: Step or fast motorized motion in X or
Y directions. Sensor holder is fixed to motorized Y
bridge and spring loaded against the surface to be
scanned.
Attachment: Rubber suction cup feet with AC

'- vacuum pump.
Companies: Panametrics, Xactex

suction cup feet (

A-2
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7. Hands Free X-Y Digitizer

Functionality: X-Y digitizing by acoustic triangulation

.M.c.r................. system or LED Video system. Hands-free random
S ..... • ..... manual motion in X or Y directions. Sensor holder is

1.1? held in the hand and the high frequency acoustic source
or LED is attached to the holder. A pair of

) Transmitter microphones attached to a bar is placed in front of the
and Sensor area to be scanned or the video camera is placed above

the area to be scanned.
Attachment: Microphones are on a bar that is attached
by rubber suction cup feet to the surface to be scanned.
Companies: SE Systems, Inc.(acoustic), Sonomatic
Inc.(LED)

8. 2-D Square Transducer Array

Functionality: Electronic switching between small
Ktransducer elements of the 2-D square transducer

array arranged in a flexible rubber sheet.
41 -Attachment: Suction to the surface with a vacuum

blanket and AC pump.
CCompanies: Failure Analysis Associatcs.

8-inch square array
in vacuum blanket

A33
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Appendix B
List of Vendors Who Participated in the Demonstrations

KRAUTKRAMER BRANSON / HOCKING
Eddy Current Test Dave Jankowski Paul Martin

Krautkramer Branson, Inc. Wells Krautkiamer
50 Industrial Park Road Milbum Hill Road
Lewistown, PA 17044 University of Warwick Science Park

Coventry
CV4 7HS UK

Ultrasonic Test Terry Batteima
Krautkramer Branson, Inc.
11303 Springfield Pike
Cincinnati, OH 45246-3550

DUPONT / CALDATA / ZETEC
Eddy Current Test Kim Kober
Ultrasonic Test DuPont NDT Systems

15751 Graham Street
Huntington Beach, CA 92649

Sales Representative Jerry Scott
Energy Equipment Sales
73 West Ranch Trail
Morrison, CO 80465

ABB AMDATA
Eddy Current Test Mark W. Kirby
Ultrasonic Test ABB Amdata Inc.

1000 Day Hill Road
Windsor, CT 06095

Sales Representative Karl Kuchling
ABB Amdata Inc.
P.O. Box 701127
San Antonio, TX 78270-1127

MATEC I SONIX
Ultrasonic Test Charles J. Bushman, Jr Gregory L. Piller

Matec Instruments, Inc. Sonix
75 South Street 8700 Mornssette Drive
Hopkinton, MA 01748 Springfield, VA 22152

B-i



Sales Representative Ev Westfahl
Westfahl and Associates
6101 Marble NE 44
Albuquerque, NM 87110'

SAIC ULTRAIMAGE INTERNATIONAL
Ultrasonic Test Robert H. Grills

SAIC
Two Shaw's Cove, Suitel01
New London, CT 06320

Eddy Current Test Raymond A. Zickus
Marketing Consultant 16 Marlowe Road

Nashua, NH 03062

INFOMETRICS
Ultrasonic Test Anthony N. Mucciardi
Eddy Current Test Infometrics

814 Thayer Avenue, Suite 350
Silver Spring, MD 20910

SMARTEDDY SYSTEMS
Eddy current Test Duane P. Johnson

SE Systems, Inc.
26203 Production Avenue, Suite 10
Hayward, CA 94545

Sales Representative Ernie Vandergrief
Stroud Sales Co., Inc.
680 Grapevine Hwy, Suite 24
Hurst, TX 76054

McDONNELL DOUGLAS
Ultrasonic Test Nancy L. Wood
Eddy T McDonnell Douglas Aircraft Company

Mailcode 1021111
PO- Box 516
Saint Louis, MO 63166-0516
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PANAMETRICS
Ultrasonic Test Thomas E. Michaels

Panametrics
102 Langinuir Lab
95 Brown Road
Ithaca, NY 14850

SIERRA MATRIX
Ultrasonic Test Marvin F. Fleming John Carruthers

Sierra Matrix, Inc. Sierra Matrix, Inc.
48890 Milmont Drive, 48890 Milmont Drive,
Ste 105D Ste 105D
Fremont, CA 94538 Fremont, CA 94538

FAILURES ANALYSIS ASSOCIATES
Ultrasonic Test Tim Harrington Tom Davis

Failure Analysis Associates, Failure Analysis Associates,
Inc. Inc.
8411 154th Avenue, NE 8411 154th Avenue, NE
Redmond. WA 98052 Redmond. WA 98052
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Appendix C
4W AANC Aircraft Sample Descriptions

1. A. D. Little Aluminum Lap Splice Joint Samples (AANC Test Specimen Library Numrbers
115 through 122)

Front View Back View

7/32" Universal Rivets inSpacer
Cold Expanded Holes/

r ------ a- - -

-- - - - - - -------------

0o ;00 00-o10

0 ilve0 0a 0 0

Conesn '0 a*
* 1 a. *

"W, 'D I Strap

I .The test panel was fabricated wvith 0.040 inch thick 2024-T3 sheet aluminum. Panel was in a hot
water quench material for 55 days for which approximately 0.008 inch depth of iaatergranular

I corrosion attack would occur.
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2. Large 0.07 Inch I'hickness Aluminuim Panel (AANC VetSpecimen Library Number Ill1)

This actual aircrall alumin um panel. 0,07 inch thick shows areas of'pil lowing and corrosion
around the iniddle sctionl Of thi panl Sc anner tests were perlbOrmcd at thle 8 inch square
section indicated.

3. "Fear Strap I)~sbond Calibration Samples (AA14T' lst Specimien i ibrary Numbers 183
through 185)

s- T

EPOXY

LO ADiiSIVV

FLOO

Epoxy Adhesive Layer SECTION A-A

(0.004 to 0.005 Inch Thick)

AluminumIL1 sheets 2024-1-3. Dimensions are in inches. llop sheet is 0.040 inch, 0.050 inch,
0.070 inch. Bottom sheet is 0.070 inch.
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4. Boron/Epoxy Composite Repair Patches (AANC Test Specimen Library Number 152)

6 Ply -1-0~'

2 Ply 0

Bond Bond Depth Depth Depth
Line Line 2 1

Boron epoxy doubler ultrasonic refecrence standard showing 2 ply, 4 ely, 6 ply and 8 ply sections
on a curved alumi inutin skin. Tefl~on implants (0.005 inch thick X 0. 1 inch diameter disks) are
placcd at the bond line and at interfaces between the plies. Pull tabs (0.5 inch wide x 0.75 inch
long) were place at the bond line at the left and right edges of each ply. The area of the four
plies is 9 inches wide and 12 inches high.

Octagonal shaped boron epoxy patch applied to the skin of the B737 airplane aft of the wing on
the left side of the airplane.
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5. B3737 Airplane Locations (AANC Test Specimen Librar~y Number !00)

The full scale 117'7 aii-craftl %as rccek ed bN AANC on October 9. 1992. The aitrcrafi i being
used as a commercial transport a ircraflt test spec imen that pro-vides a 1meas 10o assess humian
faCtOr'S issues. nceCSSib lit\' issues, and hangar ciiv ironnwont 1for evaluatinig NDI inspection
req uijrementts.

A i rcra f M odel1: 737 222
D)ate of Manulfacture1: .1111N.I 968
Airframe I otal I 1LourS: 38.342
A irframe Total (ye les; 46,358



Appendix D
Evaluation Matrix Features and Factors Ranking Criteria

The ranking of the features and factors of the scanner systems listed below used the general criteria
for assigning numbers from 1 to 5;

Rank Explanation
I Not applicable for aircraft applications
2 Limited for aircraft applications
3 Adequate but could be improved for aircraft applications
4 Good, generally applicable for aircraft applications
5 Ideal, meets all requirements fbr aircraft applications

Specific features and factors in the Evaluation Matrix Table were ranked with the following
criteria:

Feature RnkExplanation

DESIT_
Basic General functionality for easy scan covcrage of area of interest
Design I Not applicable for aircraft applications

2 Limited for aircraft applications
3 Adequate but could be improved for aircraft applications
4 Good, generally applicable for aircraft applications
5 Ideal, meets all requirements for aircraft applications

Mount Inmplementation. relocation case. stability
Type I Not stable, fails often during scan

2 Fails occasionally during scan
3 Adequate but could be improved for aircraft applications
4 Good, generally applicable for aircraft applications
5 Ideal, meets all requirements for aircraft applications

Sensor Holder, Ability to accommodate various sensor sizes and maintain
Gimbals sensor perienldiculafity
Design 1 Not applicable for aircraft applications

2 Limited for aircraft applications
3 Adequate but could be improved for aircraft applications
4 Good, generally applicable fbr aircraft applications
5 Ideal, meets all requirements for aircraft applications

Coupl.,nt L1.krasonic vulse-echo or resonance testing only
Feed I Not applicable for aircraft applications

2 Limited, couplant sprayed or wiped on
3 Adequate but could be improved by better design
4 Good, automatic feed with few problems
5 Ideal, automatic feed with no problems
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Scanner Distance needed to sman between vertical obstruction and aircraft
Working I Greater than 48 inches
Distance 2 Betwoee 24 and 48 inches
Height 3 Between 12 and 24 inches

4 Between 6 and 12 inches
5 Less than 6 inches

X-Y Axis I Greater than 0.50 inch
Resolution 2 Between 0.35 to 0.50 inch

3 Between 0.20 to 0.35 inch
4 Between 0.05 to 0.20 inch
5 Between 0.01 to 0.05 inch

PORTABILITY
Scanner 1 Over 30 pounds
Weight 2 Between 15 to 30 pounds

3 Between 5 to 15 pounds
4 Between 1 to 5 pounds
5 Under I pound

Ruggedness (Ocncral use of scanner without Lailure of machanical comooncnts
I Not applicable for aircraft applications
2 Limited for aircraft applications alto

Adequate but could be improved for aircraft applications

5 Ideal, mects all requirements for aircraft applications

Deployment Time from off the shelf to stat of scan or rElocation
Ease I Greater than 1 hour

2 Between 30 to 60 minutes
3 Between 15 to 30 minutes, 5 minutes relocation
4 Between 10 to 15 minutes, 2 minutes relocation
5 Under 10 minutes, 1 minute relocation

Computer Portability of total system, scanner, computer- motor controller etc.
Hardware I System components greater than 100 pounds

2 System components greater than 50 pounds
3 System components between 25 and 50 pounds
"4 System components betwmn 10 and 25 pounds
5 System components less than 10 pounds

Motor Physical size and weight consider'tIoi.s.
Controller I Not applicable for aircraft applications

2 Limited for aircraft applications
3 Adequate but could be improved for aircraft applications
4 Good, generally applicable fbr aircraft applications
5 Ideal, meets all requirements for aircraft applications

D-2
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ARTICULATION
Complex Scanner is usable on curvatures and irregular shane
Shapes I Scanner can only be used on flat surfaces

2 Scanner can only be used on curvatures greater than 10 feet radius
3 Scanner can only be used on curvatures greater than 5 feet radius
4 Scanner can be used on compound curvatures greater than 1 foot radius
5 Scanner can be used on all aircraft structures

Surface Surface roughness. obstructions. raised rivets, raised lap ioints
Conditions 1 Scanner operates on smooth surfaces only

2 Scanner cannot operate over lap joints
3 Scanner can operate over or around lap joints but not raised rivets
4 Scanner can operate over or around raised rivets
5 Scanner can accomnmodatc all conditions

PERFORMANCE
Speed of Time to scan 2 square foot area on fimj!1ige
coverage I Greater than one hour

2 Between 30 to 60 minutes
3 Between 15 to 30 minutes
4 Betwccn 5 to 15 minutes
5 Less than 5 minutes

Accuracy Scanner scnsor location with rqspect to increment spot size (0, 1 inch)
I Over 5 spot sizes (greater than 0.5 inch)
2 5 spot sizes (0.5 inch)
3 2 spot sizes (0.2 inch)
4 1 spot size (0.1 inch)
5 Less than one spot size (< 0. 1 inch)

Problems Factors that limit use of the scanner for some applications
1 Numerous and serious for aircraft applications
2 Serious but can be remedied for aircraft applications
3 Anmoying but can be improved for aircraft applications
4 Minor
5 None

USABILITY
Ease of Operator effort to scan an area greater than I s.uare foot
Scan for I Effort not tolerable for aircraft applications
Examiner 2 Effort is tiring, tedious, but tolerable

3 Effort requires continuous operator attention, labor intensive
4 Effort requires occasional operator attention, not labor intensive
5 Effort is not required
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Vertical Clearance needed to onerate the scanner with the examiner
Obstruction conducting the scanner.
Clearance I Greater than 48 inches
Needed 2 Between 24 to 48 inches

3 Between 12 to 24 inches
4 Between 6 to 12 inches
5 Less than 6 inches

Ease of Experience mid intuitive operation of software executJon of comands
Use for I Difficult to execute, need to remember steps, commands etc.
Examiner 2 Steps are not clear and confusing

3 Adequate but need to remember some conunands
4 Good, generally needs 1 day of training
5 Very intuitive, self explanatory steps to follow

Ease of Examiner ease to define scan area. scan limits, scan increments
Setup file nQazst,
Input I Difficult, need to run different programs etc.
Parameters 2 Separate ) ograms for scanner and image construction

3 All input parameters must be typed in from key board
4 Good, default values easy to change at graphical user interface
5 Ideal, macros, values easy to change as desired

Data Fast. high re.solutiondata acquisition capabilities
Acquisition I Not applicable for aircraft applications
Characteristics 2 Less than 8 bit resolution

3 8 bit resolution, 286 PC or equivalent CPU
4 ; bit resolution, 386 PC or equivalent CPU
5 16 bit resolution, 486 PC or equivalent CPU

Image Display Larige screen. 16 color palette or better. proportional XY image
I Monochrome screen
2 8 color palette, image XY not proportional, 10 inch or less screen
3 8 color palette, image XY proportional but small, 10 inch or less screen
4 16 color palette, image X'Y proportional, large screen
5 256 color pale.vt, image '" p'opoilioiial and large, 15 inch screen

Imaging and Advanced image processing features was not rated, the system
Data real-time C-scan imaging capabilities were ranked
Processing I No real-time C-scan image

4 Real-time image but post processing necessary for final image
5 Real-time image for inmmediate interpretation of results

Hard Copy Ability to provide immediat, hard color coov of results
Capability 1 No hard copy capability

4 Hard copy only after data and image processing
5 Immediate hard copy capability
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Operator Training for ASNT Level recommended by vcndor when system is
Training for Proeu

Experience 1 Greater than two weeks for experienced Level II
Level 2 2 weeks for Level I[, or Level III

3 3 to 5 days for Level 1I or Level III
4 2 to 3 days for Level 1I or Level III
5 1 to 2 days for Level II or Level III

NDI Mode Modes supported can be eddy current, ultrasonic 2ulse-boand
Support resonance bond testina

3 Only one mode supported
4 Two modes supported
5 Three Modes supported

COST
Cost 1 Over $200,000
Hardware & 2 Between $100,000 and $200,000
Software 3 Between $50,000 and $100,000

4 Between $25,000 and $50,000
5 Less than $25,000
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Appendix E
Examples of C-scan Images

C-scan images of the inspection data for the eddy current and the ultrasonic examinations taken

during the vendor demonstrations are illustrated.

A. Eddy Current C-scan Imagcs

1. A. D. Little Splice Joint Samples

Tie eddy current inspection data c ' the one foot length lap splice joint samples are illustrated. The
first sample is a reference sample that contained no corrosion and only one image of this sample is
shown as a comparison with the second sample containing corrosion. C-scan images of the second
sample which contained intergranular corrosion in localized areas of approximately 0.007 inch
depth are shown for all scanners useA in the eddy current demonstrations. There is no visual
evidence of corrosion seen in the second sample.

Reference Sample. 0.040 inch thickness with no corrosion

MOW

Krautkramer, Branson, Hocking manual scanner. No corrosion is shown.

lntergranular Corrosion Sample. 0.040 inch thickness with - 0.007 inch depth corrosion

Krautkramer, Branson, Hocking manual scanner, Corrosion is shown in orange and white

DuPont, CalData, Zetec automated scanner. Corrosion is shown in black and yellow
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SAIC Ultra Image International manual scanner. Corrosion is shown in orange,
yellow, and green.

Infometrics manual scanner with eddy current instrument (Nortec 19e). Corrosion
is shown in yellow, green, and red.

SmartEDDY manual scanner. Corrosion is shown in green and dark blue.

r.• -- ir Ac.-a

McDonnell Douglas semi-automatic scanner. Corrosion is shown in orange and
red.
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34~ ~ ~~ ~2 Lage0.7 Inch Thickness Panel egtic ed n ae sfrfu

of te sannrs.Thecorosin dsplyedwas due to exfoliation with a reduction in thickness of
appoxmatly0.05 nchsExtnsvepillowing oftepnlsraebetweenthrieloaon

was alopresent.

Krautkramner Branson image of the Dupont image of the corrosion shown in
corrosion shown in orange and white. yellow.

I __LL

ABB Amdata image of the corrosion shown Infometrics image of the corrosion shown in
in orange, ycllow, and dark blue. green, yellow, and red.
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3.B737 Airplane Locations

The following illustrations show the physical attachment of the scanners on the B737 airplane and
the resultant C-scan eddy current inspection images obtained during the demonstrations.

S 22R

""BS 887

Corrosion is shown in orange arround BS 877 and
BS 887.

Krauatkramer, Branson, Hocking
with Paul Martin articulating the
manual scanner.

DuPont, CalDal, Zetec with Kim Kober
adjusting the automated scanner,

Corrosion is shown in areas around BS 877 and
BS 887.
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rB8 nd i.weg whBSe877

ABB Arndata automated scanner attached to the
B737 at BS 877. The C-scan eddy currint imagefor BS 877 and BS 887 is shown to the right where S24

corrosion is shown in red and dark blue.

BS887 877

SAIC manual scanner at BS 887 with Corrosion is shown in dark blue around BS

Raymond Zickus articulating the scanner. 877 and BS 887.
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Infometrics manual scanner attached to the B737 at S '24R

BS 877. The C-scan eddy current image for BS
877 and BS 887 is shown to the right where Black areas in the image are due to missing
corrosion is indicated in light green and yellow, data characteristic of labor intenaive manual

scanning when insufficient time is taken to
cover all data points.

WS 887 BS1 877

i SmartEDDY Systems acoustic trangulationF' manual scanner shown at left is being articulated
by Duane Johnson to obtain the above C-scanimage at BS 877 and 887. Corrosion is shown

in dark green and yellow.
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MS 88 7 WS~ 877I~ S22R

S 23RL

Corrosion is shown in magenta and blue
around BS 877 and BS 887.

McDonnell Douglas with Nancy
Wood articulating thL MAUS III
scanner,

B, Ultrasonic C-scan hnues

1. Tear Strap Disbond Samples

Three ultrasonic C-.scan images are illustr-ated for the tear strap disbond calibration samples.

Krautkramer, Branson manual scanner
image of the disbond calibr-aton sample.
The disbond area is shown in dark blue
(no adhesive) and the bonded area is
shown in fight blue (epoxy adhesive).

Infomnetrics manual scanner image of the
disbond calibration sample. The disbond
area is shown in white (no adhesive) and
the bonded area is shown in dark blue
(epoxy adhesive).
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1L
Panametrics automated scanner image of A
the disbond calibration sample. T'he
disbuncl area is shown in dark~ blue (no
adhesive) and the bonded area is shownJ
in ligh! blue (epoxy adhesive).

4 2. Boron/Epoxy Composite Repair Patches

Five ultrasonic C-scan images are illustrated showing detect in the Textron boron/epoxy repair
patch sample.

Kraukrainer Branson manual
scanner image of defects in the six
ply region of the sample. The
defects are shown in yellow.

SAIC manual scanner image of
the defects in the six ply region
of the sample. The defects are in

J ~~~~yellow and red. _____ _________

Infomnetrics manual scanner image
of the defects in the six ply region of I
the sample. The defect are in
yellow.



Panametuics automated scanner image of the
four and six ply regions of the sample. The
defects are in yellow,

Cf0SS ftio-

Failure Analysis array image of the
6 ply region of the sample. The
Lross section view of the data
across the flaws shows the depth
resolution acheived with the
array transducers. maps am

S0 -n

3. B737 Airplane Locations for Ultrasonic
Demonstrations

With the same physical attachment shown above for the Krautkramer Branson scanner, the DuPont
seamer, and the ABB Amdata scanner, the following ultrasonic C-scan images were obtained for
the B737 aircraft locations BS 877 between stringers S22R and S23R.

I W; 8577

SS 22R

.. . . . . .. .. .
.......

Ir - . . -;' -t"

Krautkramer Branson manual ultrasonic C-scan

image showing corrosion in yellow. Gray area in
the image is missing data due to labor intensive DuPont automated ultrasonic C-scan
manual scanning when insufficient time is taken to image showing a tear strap disbond at
cover all data points. BS 877 in dark blue.
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ABB Amdata automated ulwaonic
C-scan image showing COkTosion at
BS 877 in blue.

'fte following illustrations show a number of the ultrasonic scanners attached to the aircraft with
the C-scan Inspection results.

fTo

SAIC automated ultrasonic C-scan image showing
-u".i.ron at BS 877. image nonunfiformity was due
to difficulty in maintaini transducer

SAIC automated scanner being perpendicularity during the scan.

adjusted by Raymond Zickus.

i0
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Failure Analysis array scanner attahed Failure Analysis ultrasonic: array 8 x 8
to the B737 at BS 877 with Tom Davis inch C-scan image at BS 877. Area of
checking the placement of the scannir. cotrosion is shown in light blue

surrounded by green.

Failure Analysis Array attached to the B737 at Image of repair patch showing defects in
~7~1the boron/epoxy repair patch with Tim dark blue and green.

Harrington at the portable computer,
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Panametrics poitabic scanner on a
bench top. Shown is a scan of the
Textron Specialty Materials
boron/epoxy repair sample, A
demonstration on the B737 was not

Sierra Matrix and heads up display made,

with a manual scanner attached to the
B737. Meaningful C-scan images of
the corrosion at BS 877 were not
obtned.
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Appendix F
General Comments on the Scanner Types

A. Ideal Scanne

Each of the eight basic scanner designs that are available commercially has advantages and
disadvantages that differentiate them from the ideal scanner. The ideal scanner would be one that
normal experienced airline maintenance NDI personnel can use with ease and confidence to obtain
meaningful, repeatable, reliable, easy-to-interpret, and quantitative C-scan images of the inspection
daia. The ideal scanner would provide accurate XY position data for multimode NDI testing
methods without undue physical effort by the examiner for a variety of scanner positions,
orientations, structural geometry and surface conditions. The scanner would be affordable and the
set-up time, scan time, and relocation time must be quick and compatible with cost effective
implementation.

B. Scanner Type Comparisons

From observations made while witnessing the hands-on operation of each scanner type, a table of
strong points, weak points, and future improvements was constructed to compare the available
scanners with the ideal scanner characteristics. Potential operators of scanners may use the table
to compare the benefits of one scanner versus another. Suggestions for improvements are given to
aid vendors in developing a favorable scanner system that would increase their general acceptance
by the airline inspection industry.

SCANNER TYPE COMPARISONS

Scanner Strong Weak Future

Type Points Points Improvements
1. Dual Axis Light weight; works well Encoder slides when Independent hand vacuum
Tilting Arm with modular systems; arm gets wet; mechanism pumps for three suction
and Bridge can be used around raised holding sensors not well cup feet that provides
Manual rivets; price is moderate. designed; labor intensive adaptability to many
Scanner Integrates easily with to operate; adequate for surface geometries and

eddy current, ultrasonic, small area scans only. overhead operation.
and resonance
instruments.

2. Dual Axis Efficient, easy operation Spring forces on tilting Develop a pneumatic
Tilting Arm over long inspection arm are not adequate or tension system for the
and Bridge times; compact and light constant for general tilting arm to provide
Automated weight automated system; vertical and overhead adequate and constant
Scanner good for small and large operation; sensor holder pressure at the sensor to

area scans. scratches aluminum surface interface.
surface.
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3. Radial Versatile for many Labor intensive for scan Design of a frietionless
Axis Tilting surface geometries and times longer than one sensor holder; a set of
Arm with large curvatures; can hour and overhead larger suction cup feet
Rotation Axis articulate over a large operation; sensor holder needs to be available for
Bridge area without leaves scratches on greater adherence to the
Manual repositioning. Integrates aluminum surfaces even surface in the overhead
Scanner easily with eddy current, with Teflon tape over operation.

ultrasonic, and resonance sensor.
instruments.

4. Dual Axis Very adaptable for large System design is heavy Design of a frictionless
Canilever area scans; automated and not as easy to sensor holder that
Arm Biidge system is not labor implement as tilting ann maintains sensor
Manual or intensive; Areal coverage scanners; manual system perpendicularity over
Automated for C-scan images is is labor intensive in nominal panel curvatures;
Scanner easier to obtain than with vertical and overhead check valves on multiple

manual tilting arm oprtosuction cup feet need to

systems. be installed for positive
___adherence at all times.

5. Mobile Fast, efficient lincar areal Encoder wheels slide Design of a light weight
Automated scans of widths from 2, 4, when they get wet from head; frictionless sensor
Ultrasonic 6, or 8 inches, fast and the ultrasonic couplant; holders; and positive
Scanner easy mode change for scanner head is heavy and traction encoder wheels

eddy current, ultrasonic, nor easy to operate for are needed.
or resonance testing. vertical and overhead

.,______ _operation. ....
6. Dual Axis Adaptable for large area System design is heavy Design of a surface
Rectangular scans of moderate and rigid; not flexible for tracking device for
Bridge curvatures; most useful different surface implementation with
Automated for squirter technology geometries, squirter or captured water
Scanner over raised rivets and column technology.
S________ protrusions etc.
7. Hands Free Free movement of sensor False position data occurs Noise immunity algorithm
X-Y Digitizer over complex surface frequently from needs to be developed and

geometries, environmental noise and a method of decoupling
multiple paths within the the source waves from the

_ __._ aluminum structure. structure surface.
8. 2-D Adaptable for fast Transducer array can not Large color monitor
Square characterization of be used over protrusions would improve viewing
Transducer inspected area; straight like raised rivets etc. and interpreting the
Array forward to apply and Gray scale display used inspection results, a

obtain inspection data; during demonstration number of parallel
Excellent resolution of lacked contrast needed for vacuum seals with check
thin skin thickness and easy interpretation of the valves to improve initial
defect location for inspection results. application of the array to
boron/epoxy repair the surface.
patches.
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